Fermilab experiment E835 has measured the cross section for the reactionpp → e + e − at s = 11. 63, 12.43, 14.40 and 18.22 factors G E (q 2 ) and G M (q 2 ) as a function of the four-momentum transfer q 2 . In the spacelike region (q 2 < 0) the electric and magnetic form factors of the proton have been measured in elastic electron-proton scattering up to |q 2 | = 10 (GeV/c) 2 and |q 2 | = 31 0370-2693 
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factors G E (q 2 ) and G M (q 2 ) as a function of the four-momentum transfer q 2 . In the spacelike region (q 2 < 0) the electric and magnetic form factors of the proton have been measured in elastic electron-proton scattering up to |q 2 | = 10 (GeV/c) 2 and |q 2 | = 31 (GeV/c) 2 , respectively. Experimental results for G M in the timelike region (q 2 > 0) exist for 4m 2 p s 14.4 GeV 2 .
In this Letter we present results from new measurements of the cross section for the reactionpp → e + e − in the interval 11.63 GeV 2 s 18.22 GeV 2 . The differential cross section for this process can be expressed in terms of the proton form factors as follows [1] where θ * is the scattering angle of the electron in the center of mass (c.m.) system and β p is the velocity of the proton (or antiproton) in the c.m.:
Fermilab experiment E835 is dedicated to the study of charmonium by resonant formation inpp annihilations. It is a fixed target experiment, in which thep beam circulating in the accumulator intersects a hydrogen gas jet target. The form factor results for the data taken in the October 1996 through September 1997 run of E835 were reported in our earlier publication [2] . In this Letter we report on the results obtained from the data taken during the January 2000 through November 2000 run of E835.
The E835 apparatus [3] is optimized for the detection of electromagnetic final states. It is a nonmagnetic spectrometer with full azimuthal (φ) coverage and polar angle (θ ) acceptance ranging from 2 • to 70 • in the lab frame. The central detector (11 • < θ < 70 • ) has cylindrical symmetry around the beam axis. Its main components are: the central tracking system (consisting of 3 scintillator hodoscopes, 2 straw chambers and 2 scintillating fiber trackers), a thresholdČerenkov counter for e/π discrimination and a central electromagnetic calorimeter (CCAL) made of 1280 leadglass blocks pointing to the interaction region. All CCAL channels are equipped with both time and pulse-height readout. The time measurements allow the rejection of signals from out-of-time events (accidental pileup).
The first level trigger for the e + e − final state requires two "electron" signals, each defined as the coincidence of the appropriate elements of the scintillator hodoscopes and the corresponding cells of thě Cerenkov. Independently, the first level trigger requires two high-energy showers in CCAL with an azimuthal opening angle greater than 90 • . Events which satisfy the first level trigger are processed by the on-line filter, which selects events in which the two highest-energy clusters in CCAL have an invariant mass greater than 2.2 GeV/c 2 .
Events are reconstructed off-line using all information from the central tracking detectors, theČerenkov counter and the central calorimeter. The two electron candidates are identified as the tracks with the highest invariant mass. The selection ofpp → e + e − proceeds in four steps:
(a) Electron identification. For each candidate electron track a variable is constructed, called Electron Weight (EW), using the pulse heights in the scintillator hodoscopes andČerenkov counter, second moments of the transverse shower distribution in CCAL and the fractional shower energy in 3 × 3 block region of CCAL [2] . EW is a likelihood ratio for the electron hypothesis versus background hypothesis. Since we search events with two electrons we use the product of the two electron weights. The distribution of log 10 (ew1 * ew2) in a clean sample is shown in Fig. 1 . In order to reduce the data sample size a pre-selection Fig. 1 . Distribution of log 10 (ew1 * ew2) for a sample of ψ → e + e − events. Table 1 Summary of the results of the form factor analysis. For each energy region the integrated luminosity L, the selected number of events N , the cross section σ acc = N/( · L) are reported. | cos θ * | max is the maximum value of | cos θ * | where θ * is the scattering angle in c.m.; (a) |G M | calculated in the hypothesis (c) CCAL multiplicity. To avoid rejecting events in which the electron or positron radiates a Bremsstrahlung photon which forms a distinct cluster in the CCAL, we do not impose a strict cut demanding only two on-time clusters. Events with more than two ontime clusters are kept provided that the extra clusters, when paired with either electron candidate, give an invariant mass less than 100 MeV/c 2 . In addition any number of out-of-time or undetermined clusters is allowed; (d) Kinematical fit. The goodness of the e + e − final state is finally tested by means of a four-constraint kinematical fit. Since the energy range considered is near to charmonium resonances which decay into J/ψX we use also a kinematical fit to test the J/ψX final state, then we compare the fit probability for e + e − (Prb(e + e − )) with that for J/ψX (Prb(J /ψX)). The event is accepted if Prb(e + e − ) > Prb(J /ψX) and Prb(e + e − ) > 1%.
The number N of events selected with these criteria is shown in Table 1 . The overall efficiency of the analysis is the product of the three efficiencies corresponding to the first level trigger, the off-line preselection and the final selection. The efficiency of the restriction on the fiducial volume is taken into account in the integration of the differential cross section (1).
The trigger efficiency trig has been calculated from special trigger runs at the ψ energy, which required only one electron. The trigger efficiency is determined to be:
The efficiency of the preliminary selection has been calculated using clean ψ → e + e − events selected requiring only two on-time CCAL clusters and applying tight topological cuts relative to the two body final state. The value of the efficiency obtained with this method is: The efficiency of the final selection was also calculated by means of clean ψ → e + e − events. Fig. 2 shows e + e − invariant mass distributions for candidate events after preliminary selection (a) and after final selection (b) at the ψ formation energy and offresonance at √ s = 3.7 GeV. The cross-hatched areas in both histograms correspond to the background contamination in these samples, extracted applying the same analysis to the data taken off resonance at √ s = 3.7 GeV. Horizontal lines correspond to the decay ψ → J/ψX selected requiring Prb(J /ψX) > 1% and Prb(e + e − ) < 10%. It can be seen that the background contamination from J/ψ-inclusive decay is very small.
The efficiency of the final selection is defined as the fraction of events in the preliminary sample ( Fig.  2(a) white) that survive all cuts (Fig. 2(b) white), once background (including J/ψX events) is subtracted. We consider only events with invariant mass greater than 3.4 GeV/c 2 . The efficiency of the final selection (1) Photon conversions frompp decays to γ γ , π 0 γ and π 0 π 0 and Dalitz decays. We estimate these processes to contribute backgrounds of < 3.1 × 10 −3 pb and < 1.7 × 10 −3 pb at s = 11.63 GeV 2 and 12.43 GeV 2 , respectively.
(2) Misidentification of the π + π − final state as e + e − . We estimate this process to contribute < 4.3 × 10 −3 pb and < 2.9 × 10 −3 pb at s = 11.63 GeV 2 and 12.43 GeV 2 , respectively; (3) Inclusive final state J/ψX → e + e − , with X not detected. The contribution of this process is estimated to be 1.6 × 10 −2 pb and 1.0 × 10 −2 pb at s = 11.63 GeV 2 and 12.43 GeV 2 , respectively.
Comparing the estimated upper limits with the values of cross section reported in Table 1 we see that all background sources give a negligible contamination, therefore no subtraction from the number of candidate events is performed.
From the number N of selected events with an integrated luminosity L and an efficiency ana the differential cross section integrated in the c.m. acceptance region can be calculated as follows:
σ acc is a function of the magnetic and electric form factors G M and G E : where A and B are:
Since the small number of events and the limited cos θ * range do not allow us to measure the angular distribution, two alternative hypotheses have been made: (a) |G E | = |G M |, as at the threshold of the timelike region (s = 4m 2 p c 4 ); (b) the "electric" contribution is assumed to be negligible. Under these two hypotheses the expressions of |G M | are, respectively:
. Table 1 shows the results for the magnetic form factor of the proton calculated under the two hypotheses. An upper limit at the 90% confidence level is reported where there are no observed events. The errors shown are respectively statistical and systematic. The systematic uncertainty is due to the errors on efficiency and luminosity. The values of |G M | obtained under hypothesis (a) are plotted in Fig. 3 , where they are compared with earlier measurements. It can be seen that the new data are in excellent agreement with the previous E760 and E835 results.
Quantum chromodynamics predicts an asymptotic behavior for the magnetic form factor of the proton in the timelike region at high energy of the form:
where Λ = 0.3 GeV is the QCD scale parameter and C is a free parameter. This functional form comes from the prediction that for large momentum transfers q 4 |G M | should be nearly proportional to the square of the running coupling constant for strong interactions α 2 s (q 2 ) [4, 5] . The dashed line in Fig. 3 shows a fit to the data according to Eq. (12). As can be seen, the fit agrees well with the data over the q 2 range explored so far.
In summary, we have presented new, high-precision measurements of the proton magnetic form factor in the timelike region at large q 2 . The results are in excellent agreement with previous measurements and with the semi-quantitative predictions of QCD.
